Cotton fiber color is determined by the effect of fiber reflectance (Rd) and fiber yellowness (+b), which are important standards for determining cotton price. This study was conducted to determine effects of different sowing times on fiber color components in widely grown four cotton (Gossypium hirsutum L.) varieties in 2015 and 2016 under Harran Plain double crop conditions. The experiments were conducted on the experimental area of Agricultural Faculty of Harran University at Eyyübiye Campus. Seeds of cotton cultivars were sown according to sowing dates with completely randomized split plot experimental design with three replications. Sowing dates (June 1 st , June 10 th and June 20 th ) were kept in main plot and varieties (Stoneville 468, BA 119, DP 499 and PG 2018) were in sub plot. Four cotton varieties (Stoneville 468, BA 119, DP 499 and PG 2018), which are certified for Harran Plain, were used as plant material. As the result of the study, the fiber color of Şanlıurfa province, where all varieties are in the light and white class according to the HVI color scale, but white color is changing from standard 2 to standard 3 and standard 4 grade. All the varieties used in the experiment were affected by sowing time in terms of fiber color and whiteness of color was found to be dulled with the delay in the sowing time. For this reason, early and late harvests should not be mixed and should be stored separately. Denemede kullanılan pamuk çeşitleri bölgemizde tescilli olan çeşitlerdir. Çalışma sonucunda, lif parlaklığı ve lif sarılığının çeşitler ve ekim zamanına göre farklılık göstermekle birlikte, HVI renk skalasına göre tüm çeşitlerin parlak ve beyaz sınıfında yer aldığı, Şanlıurfa iline ait lif renginin, ekim zamanının gecikmesiyle beyaz sınıfa ait standart-2 derecesinden standart 3 ve standart 4 renk aralığına doğru değiştiği saptanmıştır. Denemede kullanılan tüm çeşitlerin lif rengi yönünden ekim zamanlarından etkilendiği ve ekimin gecikmesiyle rengin hafif matlaştığı, bu amaçla, erken ve geç ekilen pamukların birbirine karıştırılmaması ve farklı depolarda depolanması gerektiği saptanmıştır.
Introduction
Cotton fiber is the basic raw material in the textile industry, and cotton is an important plant for Turkey's agriculture and trade due to its health properties. One of the properties that indicate the quality of fiber is its color. These properties include fiber reflectance and yellowness, and the negative relationship between these two properties and the environmental effects give the fiber its color. Cotton fiber color is important in that it determines the suitability of yarn and fabric for dyeing and the bleaching ratio (Güvercin, 2016) .
Cotton lint color is defined by fiber reflectance and fiber yellowness, and it is one of the most important properties that determine the price of cotton. Standardization is accepted as the key to competition in the textile market in developed countries. The fiber color of Gossypium hirsutum L. is determined using the Nickerson-Hunter scale. The intersection point of reflectance (Rd) and yellowness (+b) grades on this scale is detected by a HVI (High Volume Instruments) device and encoded as the fiber color. The first digit of the color code indicates the color grade, whereas the second digit indicates the color class.
While cotton fiber color is defined by the genetic structure of a given species, it is also affected by environmental conditions. While the genetic structure leads to various colors such as brown, tan, green, and mostly white in cotton fiber, environmental factors such as field conditions, precipitation, biotic stress, and storage may cause deterioration in fiber color and difficulties in dyeing and finishing operations. When fibers of Gossypium hirsutum L., which is the most widely traded cotton variety in the world and has a white fiber color, are exposed to sunlight for prolonged periods of time, they lose their reflectance. Fibers exposed to too much precipitation, the color turns gray, fibers affected by diseases and pests have a yellowish color, and fibers exposed to humidity have a gray-bluish color due to fermentation. This leads to cotton described as "lightly spotted", "spotted", "colored", "yellow stained", and "gray".
Turkey is an important cotton producer, and cotton cultivation is done three regions with different ecological properties. According to studies in these three regions known as the Mediterranean Region, the Aegean Region and the Southeastern Anatolia Region, cotton fibers in the Aegean Region have higher reflectance compared to those in the Mediterranean Region and location affects fiber properties (Cengiz, 2004) , whereas some researchers report that regional conditions do not affect fiber color (Borzan et al., 2003) . While it is reported that fibers in the Kahramanmaras province are in the 31-2 color range of the standard-1 grade (Denizdurduran, 2008) , Kılınçkıran and Onat (2003) report that these fibers are in the light spotted grade. On the other hand, one study reports Lachata and SG 501 varieties have similar fiber reflectance (78.37% and 78.75% respectively) and different fiber yellowness (7.75% and 8.28% respectively) under Harran Plain conditions (Ogur, 2000) , whereas other studies report no difference in terms of fiber reflectance, yellowness, and color under the same conditions (Birgül, 2008) . Further, it is reported that fiber colors in three different harvest times in Harran Plain varied between standard guarantee-1 (21-2) and standard-3 (41-1) of the white grade (Birgül, 2008) and genetic structure is more important in terms of fiber reflectance (Kanadıkırık, 2003) compared to sowing time (Ataş, 2008) .
Sowing time is a factor that affects environmental conditions, and it is reported in numerous studies that sowing time practices affect fiber reflectance and fiber yellowness particularly in case of late sowing (Pettigrew et al., 2009) . While Bradow and Bauer (1997) report that total temperature affects fiber reflectance positively and fiber yellowness negatively, Aguiar et al. (2007) report that fiber properties are managed by additive gene action and the heterosis value for these properties may be small (5-10%) and both positive and negative.
This study aims to determine effects of different sowing times on fiber colors of certified and grown cotton varieties in Harran Plain under double crop conditions, minimize product loss in fiber cotton storage, and contribute to studies on this subject. and 7.2, respectively (Tab. 1). The average air temperatures were in 12 °C -32 °C range during the double crop cotton growing season, while relative humidity was below 50% in June, July and August for the both treatment years (Tab. 2). After the wheat had been harvested, the tillage was done in the trial area and the seeds of the cotton were drilled and then the trial area was irrigated by sprinkler system according to sowing times. In the scope of the study, seeds of cotton cultivars were sown according to sowing dates with the . Approximately a 300-g seed cotton sample collected from each plot was ginned to determine lint color grade (CG), reflectance (+Rd), yellowness (+b) and fiber maturity. Fiber tests were conducted at a relative humidity of 65 ± 2% and a temperature of 20 ± 1 °C to determine lint color grade (CG), reflectance (+Rd), yellowness (+b) and fiber maturity were measured by High Volume Instrument (HVI-1000) test device. Statistical analysis was performed using the MSTATC statistical program (Anonymous, 1989) . Means were separated using Fisher's protected least significant differences (LSD) test and P< 0.05 denotes the level of significance.
Material and Methods

Field
Results and Discussion
Fiber reflectance values obtained in different sowing times for different varieties in trial years and resulting groups can be seen in Table 3 , fiber yellowness values and resulting groups can be seen in Table 4 , fiber maturity values and resulting groups can be seen in Table 5 , and color values can be seen in Table 6 . Table 3 shows that the fiber reflectance of cotton varieties varied between 72.28% and 74.27% in 2014, the mean value being 72.69%, and the highest fiber reflectance value was obtained for PG 2018, whereas the lowest fiber reflectance value was obtained for BA 119. The fiber reflectance of cotton varieties varied between 72.39% and 74.50% in 2015, the mean value being 73.79%. The fiber reflectance varied between 72.52% and 73.47% by sowing times in 2014, the mean value being 72.69%, whereas it varied between 72.37% and 76.39% in 2015, the mean value being 73.79%. Table 3 also shows that different fiber reflectance groups formed for cotton varieties according to the LSD (Least Significant Difference) test. The variation in fiber reflectance may be due to genotypic differences or climate conditions (Birgül, 2008; Pettigrew et al., 2009 ). On the other hand, it was seen that the sowing time affected fiber reflectance in 2015, and the fiber reflectance decreased with the delay in sowing time. This may be due to the increase in pests or early precipitation in 2015. The classification in terms of fiber reflectance showed that the reflectance of all varieties used in the study was in the "70-80: light" group (Anonymous, 1997) .
This shows that all cotton varieties used in trails were suitable for use in the textile industry. These values are similar to those of Ali et al. (2009) , Barradas and Bellido (2009) and Yuka (2014) , who reported that the fiber reflectance varied by different sowing times and different cotton varieties. Table 4 shows that the fiber yellowness value of cotton varieties varied between 7.64% and 8.14% in 2014, the mean value being 8.01%, and the highest fiber yellowness value was obtained for BA 119, whereas the lowest fiber yellowness value was obtained for PG 2018. By sowing time, the fiber yellowness value varied between 7.73% and 8.21%, the average value being 8.01%. In 2015, on the other hand, the fiber yellowness value varied between 7.82% and 8.60%, the average value being 8.22%. By sowing time, the fiber yellowness value varied between 7.97% and 8.47% in 2015, the average value being 8.22%. The analysis of variance showed that there was a significant difference between varieties in 2015. However, although the delay in sowing time did not affect the fiber yellowness significantly, it caused a slight increase and difference between cotton varieties in terms of fiber yellowness as seen in Table 4 . Considering the mean fiber yellowness values obtained in the study, all varieties were in the "4 -10.5: white or slightly yellow" group (Anonymous, 1997) . This may be due to the precipitation near the end of the vegetation or the underdevelopment of fibers. Ali et al. (2009) and Cao et al. (2011) had similar findings as well. Table 5 shows that the fiber maturity value of cotton varieties varied between 0.89 and 0.94 in 2014, the mean value being 0.91, and the highest fiber maturity value was obtained for DPL-499, whereas the lowest fiber maturity value was obtained for PG 2018. By sowing time, the fiber maturity value varied between 0.90 and 0.92, the average value being 0.91. In 2015, on the other hand, the fiber maturity value varied between 0.98 and 1.05, the average value being 1.00. By sowing time, the fiber maturity value varied between 0.98 and 1.04 in 2015, the average value being 1.00. The analysis of variance showed that there was a significant difference between varieties by sowing time only in 2015. In cotton fibers, maturity is defined as a fully formed secondary wall and high fold number. Immaturity may be a result of under-development of fibers due to environmental conditions. Although the delay in sowing time did not affect the fiber maturity significantly, it caused a slight increase and difference between cotton varieties in terms of fiber maturity as seen in Table 4 . Considering the mean fiber maturity values obtained in the study, all varieties were in the "0.88 -1.09: mature and very mature" group (Anonymous, 1997) .
Although cotton color is a genetic trait, it may be affected by climate conditions and soil properties as well. While it varies depending on the cotton variety and environmental conditions under normal sowing conditions, the cotton fiber color was determined to be standard white guarantee and standard one white Table 6 shows that the cotton varieties had different colors and the fiber color was either standard white 2 or 3. This may be due to the color change caused by diseases and pests (especially fumagines of white flies and aphids), fiber development under low temperature conditions, or high temperature, which may affect the cotton color. For this reason, there may be a color change in mid-early and late varieties due to delayed harvest. Foreign substances in fibers may affect the color grade as well. For this reason, seed cotton from different dates and different varieties should not be mixed and stored separately.
Conclusion
In this study conducted with Stoneville 468, BA 119, DPL 499, and PG 2018 mid-early varieties under double crop conditions, while the fiber color decreased one or two grades, it was found that there was not a significant difference between the varieties. Further, sowing time did not cause a significant difference in terms of fiber reflectance, fiber yellowness, and fiber maturity values. It is recommended that seed cotton from early and late sowed crops and different varieties should be stored, ginned and baled separately.
